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TITLE OF THE INVENTION 

AN X-RAY PROJECTION EXPOSURE APPARATUS AND 
A DEVICE MANUFACTURING METHOD 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an X-ray projection exposure 
10 apparatus used in the manufacture of semiconductor in- 
tegrated circuits . 



Description of the Related Art 

In solid-state devices, such as LSI's (large-scale in- 

15 tegrated circuits) and the like, circuit patterns are becom- 
ing finer in order to increase the degree of integration and 
the operation speed thereof • In order to form such fine cir- 
cuit patterns, reduction projection exposure apparatuses 
having vacuum-ultraviolet exposure light sources are widely 

20 used. The resolution of such a reduction projection exposure 
apparatus depends on the exposure wavelength -\ and the 
numerical aperture NA of the projection optical system. In 
conventional exposure apparatuses, an approach of increasing 
the numerical aperture NA is adopted in order to improve the 

25 resolution. 
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However, this approach is now close to the limit of the 
use because of the resulting reduction in the depth of focus 
and difficulty in the design and the manufacturing of the 
dioptric system. Accordingly, an attempt to shorten the ex- 

5 posure wavelength is being made. For example, light used 
for exposure shifts from the g-line {X= 435.8 nm) to the i- 
line (A = 365 nm) of the mercury lamp, and further to KrF 
excimer lasers (A= 258 nm). 

Although the resolution of the apparatus is improved by 

10 shortening the exposure wavelength, there is a theoretical 
limit on the resolution from the wavelength of ultraviolet 
rays used for exposure. Accordingly, in the extended tech- 
nique of conventional exposure apparatuses using light, it 
is difficult to obtain a resolution equal to or less than 

15 0.1 urn • 

Against such a technical background. X-ray reduction 
projection exposure apparatuses using vacuum-ultraviolet 
rays or soft X-rays (these two kinds of rays are hereinafter 
termed "X-rays") as exposure light are attracting notice. 

20 

SUMMARY OF THE INVENTION 



25 



It is an object of the present invention to provide a 
practical X-ray projection exposure apparatus in which the 
above-described problems are solved. 



It is another object of the present invention to 
provide a device manufacturing method having a high produc- 
tivity using such an exposure apparatus. 

According to one aspect, the present invention provides 

5 an X-ray projection exposure apparatus comprising a mask 
chuck for holding a reflection X-ray mask having a mask pat- 
tern thereon, a wafer chuck for holding a wafer onto which 
the mask pattern is transferred, an X-ray illuminating sys- 
tem for illuminating the reflection X-ray mask, held by the 

10 mask chuck, with X-rays, and an X-ray projection optical 
system for projecting the mask pattern of the reflection X- 
ray mask onto the wafer held by the wafer chuck with a 
predetermined magnification • The mask chuck comprises a 
mechanism for generating static electricity for attracting 

15 and holding the reflection X-ray mask by an electrostatic 
force . 

It is preferable that the apparatus further comprises 
a detection mechanism for detecting an attracting force when 
attracting and holding the mask on the mask chuck. For ex- 

20 ample, the detection mechanism comprises a pressure sensor 
provided on an attracting surface of the mask chuck. It is 
preferable that the apparatus further comprises means for 
performing scanning exposure by moving both of the mask 
chuck and the wafer chuck. For example, the mask chuck holds 

25 the mask against gravity. 
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It is preferable that the apparatus further comprises 
means for changing the electrostatic force for attracting 
the mask by the mask chuck in accordance with the movement 
of the mask chuck. It is preferable that the relationship of 

5 {(the mass of the mask) x (acceleration due to gravity + the 
maximum acceleration of the mask while being moved )/( the 
maximum coefficient of static friction between the mask and 
the mask chuck)} x (safety factor) < (the attracting force 
of the mask) is satisfied. 

10 It is preferable that a plurality of projections are 

formed on a mask holding surface of the mask chuck, and the 
reflection X-ray mask is supported by the plurality of 
projections • The ratio of the area of contact between the 
distal ends of the projections and the mask to the entire 

15 area of the mask is equal to or less than 10 %• It is 
preferable that the apparatus further comprises means for 
supplying voids formed between the projections with a cool- 
ing gas when the mask is supported on the projections. It is 
also preferable that the apparatus further comprises a tem- 

20 perature control mechanism for controlling the temperature 
of the mask chuck. For example, the temperature control 
mechanism comprises means for supplying the inside of the 
mask chuck with a temperature controlled medium, and a tem- 
perature sensor for detecting the temperature of the mask 

25 chuck. It is preferable that the mask chuck comprises a 
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ceramic material or a glass material. It is also preferable 
that the apparatus further comprises a grounded earth pawl 
provided at at least a side of the mask chuck for supporting 
the mask. 

5 For example, the reflection X-ray mask has a structure 

in which the mask pattern, made of an absorbing member, is 
formed on an X-ray reflecting multilayer film. For example, 
the X-ray illuminating system comprises a radiation source 
and a reflecting mirror. For example, the X-ray projection 

10 optical system comprises a reduction projection optical sys- 
tem having a plurality of X-ray-reflecting mirrors. 

According to another aspect, the present invention 
provides a device manufacturing method comprising the step 
of transferring a mask pattern onto a wafer using the X-ray 

15 projection exposure apparatus having the above-described 
conf igurat ion • 

According to still another aspect, the present inven- 
tion relates to a device manufacturing method using an X-ray 
projection exposure apparatus comprising a mask chuck, a 

20 wafer chuck, an X-ray illuminating system, and an X-ray 
projection optical system. The mask chuck holds a reflec- 
tion X-ray mask having a mask pattern thereon. The wafer 
chuck holds the wafer onto which the mask pattern is trans- 
ferred. The X-ray illuminating system illuminates the 

25 reflection X-ray mask,, held on the mask chuck, with X-rays. 
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The X-ray projection exposure system projects the mask pat- 
tern of the reflection X-ray mask onto the wafer held by the 
wafer chuck with a predetermined magnification. The mask 
chuck comprises a mechanism for generating static 

5 electricity for attracting and holding the reflection X-ray 
mask by an electrostatic force. The method comprises the 
steps of generating static electricity with the mechanism of 
the mask chuck to hold the reflection X-ray mask with the 
mask chuck by an electrostatic force, holding the wafer with 

10 the wafer chuck, illuminating the reflection X-ray mask with 
X-rays using the X-ray illuminating system, and projecting 
the mask pattern of the reflection X-ray mask onto the wafer 
held by the wafer chuck with a predetermined magnification 
with the X-ray projection optical system to transfer the 

15 mask pattern onto the wafer. 

The foregoing and other objects, advantages and fea- 
tures of the present invention will become more apparent 
from the following description of the preferred embodiments 
taken in conjunction with the accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view as seen from a side 
illustrating the configuration of a mask supporting device 
25 according to a first embodiment of the present invention; 



FIGS. 2(a) and 2(b) are diagrams illustrating the con- 
figuration of a mask supporting device according to a second 
embodiment of the present invention: FIG, 2(a) is a perspec- 
tive view; and FIG. 2(b) is a cross-sectional view as seen 
from a side; 

FIG. 3 is a cross-sectional view as seen from a side 
illustrating the configuration of a mask supporting device 
according to a third embodiment of the present invention; 

FIG. 4 is a schematic diagram illustrating the entire 
configuration of an X-ray reduction projection exposure 
apparatus ; 

FIG. 5 is a flowchart illustrating the method of device 
manufacture of the present invention; and 

FIG. 6 is a flowchart illustrating the method of a 
wafer process of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 4 is a diagram illustrating the entire configura- 
tion of an X-ray reduction projection exposure apparatus. 

In FIG. 4, X-rays (vacuum-ultraviolet rays or soft X- 
rays ) are emitted from an undulator source 101, serving as a 
radiation source. The optical path of the X-rays is 
deflected by an illuminating system comprising a convex 
total-reflection mirror 102 and a concave multilayer-film 
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reflecting mirror 103, and the X-rays are then projected 
onto a reflection mask 104. A multilayer film f or . ef f ecting 
regular reflection of X-rays is formed on the reflection 
mask 104, and a predetermined circuit pattern is formed on 

5 the multilayer film. 

The X-rays reflected by the reflection mask 104 reach a 
wafer 106 after passing through a reduction projection opti- 
cal system 105' having a plurality of reflection mirrors, to 
image the circuit pattern on the wafer 106 with a predeter- 

10 mined projection magnification (for example, 1/5). 

The reflection mask 104 is fixed and held on a mask 
stage 107, and the wafer 106 is fixed and held on a wafer 
stage 108. The reflection mask 104 and the wafer 106 are 
aligned with each other by the mask stage 107 and the wafer 

15 stage 108, respectively, and the scanning movement of the 
mask stage 107 holding the reflection mask 104 and the wafer 
stage 108 holding the wafer 106 is performed in a 
synchronized manner . 

Since the wavelength of the X-rays used for exposure is 

20 between about 20 nm and 40 nm, the theoretical resolution 
determined by the wavelength of the exposure light is im- 
proved . 

Since vacuum-ultraviolet rays and soft X-rays are 
greatly attenuated by a gas, the inside of the entire ap- 
25 paratus is held in a vacuum or in a reduced pressure of a 
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light-element gas, such as helium or the like. 

In the present invention, an electrostatic chuck 
(unipolar type) which is suitable for the use in a vacuum or 
in a reduced pressure is used for a mechanism for fixing and 

5 holding the reflection mask 104 on the mask stage 107. The 
electrostatic chuck functions based on the principle that 
charges having a sign opposite to that of an electrode are 
excited on an insulator provided on the chuck's surface to 
cause a dielectric polarization phenomenon to occur, so that 

10 an electrostatic force is applied to an object to be at- 
tracted . 

The attracting force F of the electrostatic chuck is 
represented by the following expression: 
F = S/2 x £ x (V/d)2 , 

15 where S is the area of the electrode of the electrostatic 
chuck, £ is the dielectric constant of the insulator, V is 
the applied voltage, and d is the thickness of the insulator 
on the surface. The above-described expression may be 
modified in accordance with various conditions. 

20 In a bipolar electrostatic chuck which is easy to 

handle and in which an object to be attracted need not be 
grounded, the attracting force is less than half the value 
of the above-described electrostatic chuck (unipolar type). 
For example, when using high-purity AI2 O3 , which is little 

25 contaminated with metal, for the insulator on the surface, 
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the attracting force is about 25 g/cm^ • 

If the pattern region of the reflection mask is 200 mm 
square with a thickness of a few yim, and the base is 210 mm 
square with a thickness of 10 mm and is made of Si, the mass 
of the reflection mask is about 1 Kg. 

If a time period of 0.5 sec is required for exposure of 
one shott it is necessary to scan a distance of 200 mm in a 
time period equal to or less than 0.5 sec. Hence, if a scan- 
ning speed of 400 mm/sec is obtained within 0.05 sec, the 
maximum acceleration of the mask stage is 8 m/sec^. 

When the mask is supported in a direction parallel to 
the direction of gravity, the maximum acceleration applied 
to the mask after adding the acceleration due to gravity is 
about 18 m/sec2 , i.e., the force applied to the mask in the 
scanning direction is 18 N. 

Since the attracting force of the electrostatic chuck 
is 21 X 21 X 0.025 x 9.8 = 100 N, the coefficient of fric- 
tion must be equal to or greater than 0.18 N in order to 
prevent the reflection mask from dropping. 

In general, the surface of the electrostatic chuck is 
very precisely processed to an excellent flatness, and 
therefore has a low coefficient of friction. Hence, the mask 
may drop in the worst case. Accordingly, in the present in- 
vention, the attracting force of the mask by the electros- 
tatic chuck is changed. in accordance with a situation in or- 
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der to prevent the mask from dropping. A specific configura- 
tion for that purpose will now be described. 
First Embodiment 

FIG. 1 is a cross-sectional view as seen from the side, 
5 illustrating the configuration of a mask supporting device, 
which is used in a mask stage of an X-ray projection ex- 
posure apparatus, according to a first embodiment of the 
present invention . 

In FIG. 1, a reflection X-ray mask 1, serving as an op- 
10 tical element, comprises a base la comprising an Si sub- 
strate, and a pattern region lb. The pattern region lb is 
formed on the base la according to a thin-film forming 
method, such as magnetron sputtering, or the like. 

The pattern region lb comprises a region having a low 
15 reflectivity for X-rays, such as vacuum-ultraviolet rays or 
soft X-rays, and a pattern portion having a high reflec- 
tivity for the X-rays. The pattern portion comprises an X- 
ray absorbing member (for example, made of gold or tungsten) 
formed on a patterned X-ray reflecting multilayer film ob- 
20 tained by alternately laminating at least two kinds of sub- 
stances having different refractive indices for vacuum- 
ultraviolet rays or soft X-rays. 

The mask supporting device for holding the mask 1 com- 
prises an electrostatic chuck 2 for attracting the mask 1, a 
25 plurality of pin-shap.ed projections 6 formed on portions 
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thereof, a pressure sensor ( attracting-f orce detection 
means) 11 for detecting an attracting force for the mask 1, 
an attraction control unit 12 for calculating the attracting 
force from the result of detection of the pressure sensor 

5 11, a voltage control unit 10 for outputting a voltage for 
controlling the attracting force from the attracting force 
calculated by the attraction control unit 12, and a driving 
control unit 9' for effecting scanning movement of the mask 
1. A supply tube 7 for supplying voids formed between the 

10 projections 6 with a cooling gas (such as helium or the 
like), and a recovering tube 8 for recovering the gas intro- 
duced into teh voids are also provided. 

The electrostatic chuck 2 comprises a first insulating 
layer 3 and a second insulating layer 4. A first electrode 

15 5a and a second electrode 5b for generating the attracting 
force are formed between the first insulating layer 3 and 
the second insulating layer 4, and the pin-shaped projec- 
tions 6 are formed on the first insulating layer 3. 

In this configuration, when a voltage is applied from 

20 the voltage control unit 10 to the first electrode 5a and 
the second electrode 5b of the electrostatic chuck 2, static 
electricity is generated and charges having a sign different 
from that of the voltage are excited on the surface of the 
first insulating layer 3. At that time; the dielectric 

25 polarization phenomenon appears on the surface of the first 
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insulating layer 3, and an electrostatic force is applied to 
the mask 1. The mask 1 is thereby attracted and fixed by 
being supported on the pin-shaped projections 6 formed on 
the electrostatic chuck 2. 

5 Since a so-called pin-chuck shape is provided in the 

above-described manner and the ratio of the area of portions 
of the distal ends of the pin-shaped projections 6 contact- 
ing the back ot the mask 1 to the entire area of the mask 1 
is arranged to be equal to or less than 10 % (more 

10 preferably, < 2 %), the deformation of the mask 1 due to the 
presence of dust between the mask 1 and the electrostatic 
chuck 2 is prevented. In addition, since cooling gas flows 
in the voids between the projections 6, the mask 1, placed 
in a vacuum in which cooling is difficult to perform, is ef- 

15 fectively cooled from the back to suppress the distortion of 
the mask pattern. 

The pressure sensor 11 for detecting the attracting 
force for the mask 1 is disposed on the surface of the 
electrostatic chuck 2, and the attracting force for the mask 

20 1 is calculated by the attraction control unit 12 from a 
detection signal from the pressure sensor 11. 

In order to increase the illuminating region for the 
mask 1, the electrostatic chuck 2 is subjected to scanning 
movement by the control of the driving control unit 9. 

25 The attraction control unit 12 calculates the accelera- 
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tion of the electrostatic chuck 2 from position information 
relating to the electrostatic chuck 2 detected by the driv- 
ing control unit 9, and transmits an instruction to the 
voltage control unit 10 so that the following relationship 

5 is satisfied: 

{(the mass of the mask) x (acceleration due to gravity 
-I- the maximum acceleration of the mask while being 
moved )/( the makimum coefficient of static friction between 
the mask and the mask chuck)} x (safety factor) < the at- 

10 tracting force (1)» 

wherein (the attracting force) is defined by: (the generating 
force of the electrostatic) - (the differential pressure be- 
tween the pressure of the cooling gas and the atmosphere 
pressure of the inside of the entire apparatus ) • 

15 The voltage control unit 10 controls the attracting 

force by changing the voltage applied to the first electrode 
5a and the second electrode 5b in accordance with the in- 
struction from the attraction control unit 12. 

Expression (1) may be satisfied by controlling the at- 

20 tracting force to be constant and controlling the accelera- 
tion instead of the attracting force by providing an in- 
struction from the attraction control unit 12 to the driving 
control unit 9. 

According to the above-described configuration, the 

25 drop of the mask 1 from the electrostatic mask 2 is 
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prevented • 

Second Embodiment 

FIGS. 2(a) and 2(b) are diagrams illustrating the con- 
figuration of a mask supporting device according to a second 
5 embodiment of the present invention: FIG. 2(a) is a perspec- 
tive view; and FIG. 2(b) is a cross-sectional view as seen 
from the side. 

In the mask supporting device of the first embodiment » 
a bipolar electrostatic chuck is used. In the mask support- 

10 ing device of the second embodiment, a unipolar electros- 
tatic chuck having a strong attracting force is used. By 
using such a unipolar electrostatic chuck, reliability in 
the attraction of the mask is improved. The second embodi- 
ment has the same structure as the first embodiment, except 

15 as noted below. In FIGS. 2 (a) and 2(b), only the configura- 
tion of components added in the second embodiment which are 
not found in the first embodiment, is illustrated, and the 
attraction control unit, the voltage control unit and the 
driving control unit shown in the first embodiment are not 

20 illustrated. Since the operations of these units are the 
same as in the first embodiment, a description thereof will 
be omitted. 

When attracting a mask on the unipolar electrostatic 
chuck, the mask must be grounded. However, since the mask is 
25 conveyed within the exposure apparatus and is mounted on and 



- 16 - 



detachable from the electrostatic chuck, it is difficult to 
always ground the mask. Accordingly, in the mask supporting 
device of the second embodiment, the mask is grounded only 
when it is attracted on the electrostatic chuck so as not to 

5 hinder the conveyance of the mask. 

In FIGS. 2(a) and 2(b), a mask 21 comprises a base 21a 
comprising an Si substrate, and a pattern region 21b which 
is formed on the base 21a. 

The mask supporting device for attracting and holding 

10 the mask 21 comprises an electrostatic chuck 22 for attract- 
ing the mask 21, and an earth pawl 26 for grounding the mask 
21. 

The electrostatic chuck 22 comprises a first insulating 
layer 23 and a second insulating layer 24, and an electrode 

15 25, for generating an attracting force, is formed between 
the first insulating layer 23 and the second insulating 
layer 24. The earth pawl 26 is connected to a minus (-) ter- 
minal of a power supply 27, and a plus (+) terminal of the 
power supply 27 is connected to the electrode 25. 

20 In this configuration, when the plus ( + ) potential of 

the power supply 27 is applied to the electrode 25 of the 
electrostatic chuck 22, charges of a different sign are ex- 
cited on the surface of the first insulating layer 23. At 
that time, the dielectric polarization phenomenon appears on 

25 the surface of the first insulating layer 23, and an 



electrostatic force is applied to the mask 21- The mask 21 
is thereby attracted and fixed to the electrostatic chuck 
22. 

The earth pawl 26 is fixed relative to the electros- 
tatic chuck 22 so as to be movable in the z direction shown 
in FIG. 2(b) to contact the base 21a of the mask 21, so that 
the mask 21 can be grounded and masks having different 
thicknesses can be attracted. By disposing the earth pawl 26 
at a side of the base 21a, the earth pawl 26 also has the 
function of preventing the mask 21 from dropping. 

An object which can be attracted by the electrostatic 
chuck 22 is a conductor or a semiconductor. When attracting 
a mask 21 having a base 21a made of an insulator, the mask 
21 is attracted by forming a conductive layer of a metal on 
the back and the sides of the mask 21 by vacuum deposition 
or the like and contacting the conductive layer to the earth 
pawl 26. 

According to the above-described configuration, a 
unipolar electrostatic chuck having a strong attracting 
force can be used for the mask supporting device, and 
reliability in the attraction of the mask can be improved. 
Since a sufficient attracting force can be obtained even 
with a material having a relatively low dielectric constant, 
a material with low metal contamination can be adopted. When 
semiconductor devices are manufactured using an exposure ap- 
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paratus including the mask supporting device of the second 
embodiment, the production yield of the devices can be in- 
creased • 

Furthermore, since masks having different thicknesses 
5 can be attracted, the tolerances in the thickness of the 
mask required in the manufacture of the mask can be in- 
creased. Hence, the cost in the manufacture of the mask can 
be reduced. 

Since the earth pawl 26 also has the function of 
10 preventing the mask 21 from dropping, reliability in the at- 
traction of the mask is improved. 

In addition, since a grounding mechanism which does not 
hinder the conveyance of the mask 21 is adopted, reliability 
in the conveyance of the mask is also improved. 
15 Third Embodiment 

FIG. 3 is a cross-sectional view as seen from a side 
illustrating the configuration of a mask supporting device 
according to a third embodiment of the present invention. 

The mask supporting device of the third embodiment in- 
20 eludes temperature control means for controlling an 
electrostatic chuck to be a desired temperature. The third 
embodiment has the same structure as the first embodiment, 
except as noted below. In FIG. 3, only the configuration of 
components added in the third embodiment, which are not 
25 found in the. first embodiment, is illustrated, and the at- 
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traction control unit and the voltage control unit shown in 
the first embodiment are not illustrated. Since the opera- 
tions of these units are the same as in the first embodi- 
ment, a description thereof will be omitted. 
5 In FIG. 3, a mask 31 comprises a base 31a comprising a 

Si substrate, and a pattern region 31b which is formed on 
the base 31a. 

The mask jsupporting device for attracting and holding 
the mask 31 comprises an electrostatic chuck 32 for attract- 

10 ing the mask 31, a chuck base 38 having a low coefficient of 
linear expansion and high stiffness on which the electros- 
tatic chuck 32 is fixed, a temperature sensor 37 for detect- 
ing the temperature of the chuck base 38, a temperature- 
adjusting-medium supply device 42 containing a temperature- 

15 adjusting or controlled medium for changing the temperature 
of the chuck base 38 by changing the temperature of the tem- 
perature adjusting or controlled medium, a temperature con- 
trol unit 41 for controlling the temperature-adjusting- 
medium supply device 42 based * on a detection signal from the 

20 temperature sensor 37, and a driving control unit 44 for ef- 
fecting scanning movement of the electrostatic chuck 32. 

The electrostatic chuck 32 comprises a first insulating 
layer 33 and a second insulating layer 34. An electrode 35 
for generating an attracting force is formed between the 

25 first insulating layer 33 and the second insulating layer 
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34 • A plurality of pin-shaped projections 36 are formed on 
the surface of the first insulating layer 33 • In addition, a 
supply tube 45 for supplying voids formed between projec- 
tions 36 with a cooling gas, and a recovering tube 46 for 

5 recovering the gas introduced into the voids are provided. 

In this configuration, when a voltage is applied from a 
voltage control unit (not shown) to the electrode 35 of the 
electrostatic chuck 32, charges having a sign different from 
that of the voltage are excited on the surface of the first 

10 insulating layer 33. At that time, the dielectric polariza- 
tion phenomenon appears on the surface of the first insulat- 
ing layer 33, and an electrostatic force is applied to the 
mask 31, The mask 31 is thereby attracted and fixed on the 
pin-shaped projections 36 formed on the electrostatic chuck 

15 32. 

The temperature sensor 37 comprises, for example, a 
platinum resistance temperature sensor, and has a resolution 
of about 0.01 "C. By being directly buried at a sufficiently 
deep position in the chuck base 38, the temperature sensor 
20 37 can very precisely detect the temperature of the chuck 
base 38. 

A channel 39 is provided in the chuck base 38 in order 
to receive a temperature-adjusting or controlled medium sub- 
jected to temperature control. The temperature-adjusting or 
25 controlled medium is supplied from the temperature- 
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adjusting-medium supply device 42 via flexible tubes 43 made 
of a metal or Teflon which has a low gas discharge rate in a 
vacuum. The chuck base 38 comprises, for example, a ceramic 
material, such as SiC, SiN or the like, or low-thermal- 
5 expansion glass, in which thermal strain is very small due 
to a low coefficient of linear expansion. 

The temperature control unit 41 controls the 
temperature-adjusting-medium supply device 42 based on an 
output signal from the temperature sensor 37 in order to 
10 control the temperature of the temperature-adjusting or con- 
trolled medium to be supplied to the chuck base 38. 

The electrostatic chuck 32 generates a sufficient force 
to attract the mask 31, and prevents the thermal expansion 
of the mask 31, having absorbed exposure light in lateral 
15 directions, by the attracting force x the coefficient of 
friction of the electrostatic chuck 32. In order to prevent 
position deviation in lateral directions due to thermal ex- 
pansion, the temperature of the electrostatic chuck 32 is 
very precisely controlled. More specifically, variations in 
20 the temperature of the electrostatic chuck 32 are very 
precisely controlled within a range equal to or less than 
0.01 • C. 

In general, in an exposure apparatus, exposure is per- 
formed after very precisely aligning a mask with a wafer. In 
25 order to precisely perform the alignment, as disclosed in 
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Japanese Patent Laid-Open Application (Kokai) No. 2-100311 
(1990), a fine movement mechanism using a displacement mem- 
ber, comprising an elastic member having a low stiffness, 
such as a leaf spring or the like, and an actuator, compris- 

5 ing a piezoelectric element, are required for a mechanism 
for driving the wafer or the mask. 

The fine movement mechanism vibrates when the tempera- 
ture adjusting medium flows because of its low stiffness, 
thereby degrading accuracy in the line width of the trans- 

10 f erred pattern. In order to solve such a problem, the mask 
supporting device of the third embodiment uses only a coarse 
movement mechanism having a high stiffness for the driving 
mechanism, and a fine movement mechanism is provided in a 
mechanism for driving the wafer. The device also includes 

15 means for measuring the amount of shift of the interval be- 
tween patterns on the exposed wafer, and expanding or con- 
tracting the electrostatic chuck by changing the temperature 
of the electrostatic chuck so as to minimize the amount of 
the shift. 

20 When the electrostatic chuck 32 expanded or contracted, 

since the mask 31, attracted and constrained thereon, is 
simultaneously expanded or contracted, it is possible to 
correct the position deviation of the pattern of the mask 
31. The temperature of the electrostatic chuck 32 is cor- 

25 rected by measuring, in advance, the relationship between 
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the amount of shift of the pattern of the wafer after ex- 
posure and the change in the temperature of the electros- 
tatic chuck 32, and by controlling the temperature of the 
electrostatic chuck 32 by the temperature control unit 41 so 

5 as to minimize the amount of shift of the interval between 
patterns on the wafer based on the obtained data. 

The amount of shift of the interval between patterns on 
the wafer may be obtained from a signal from alignment ad- 
justing means (not shown) for performing alignment between 

10 the mask and the wafer, instead of measuring the interval 
between exposed patterns* 

Instead of using a temperature adjusting medium, the 
temperature of the electrostatic chuck 32 may be adjusted by 
precisely controlling the temperature at a high speed using, 

15 for example, a Peltier-effect element as disclosed in 
Japanese Patent Laid-Open Application (Kokai) No, 5-21308 
(1993). 

Embodiment of Device Manufacturing Method 

FIG. 5 is a flow chart of a method for manufacturing 

20 semiconductor devices (semiconductor chips of IC*s 
(integrated circuits), LSI's (large scale integrated 
circuits) or the like, liquid-crystal panels, CCD's (charge- 
coupled devices) or the like) using the above-described X- 
ray projection exposure apparatus. In step 1 (circuit 

25 design), circuit design of semiconductor devices is per- 



formed. In step 2 (mask manufacture), masks, on which 
designed circuit patterns are formed, are manufactured. In 
step 3 (wafer manufacture), wafers are manufactured using a 
material, such as silicon or the like. Step 4 (wafer 
process) is called a preprocess, in which actual circuits 
are formed on the wafers by means of photolithography using 
the above-described masks and wafers. Step 5 (assembly) is 
called a postprocess which manufactures semiconductor chips 
using the wafers manufactured in step 4, and includes an as- 
sembling process (dicing and bonding), a packaging process 
(chip encapsulation), and the like* In step 6 (inspection), 
inspection operations, such as operation-confirming tests, 
durability tests, and the like, of the semiconductor devices 
manufactured in step 5 are performed. The manufacture of 
semiconductor devices is completed after passing through the 
above-described processes, and the manufactured devices are 
shipped ( step 7 ) . 

FIG. 6 is a detailed flow diagram of the above- 
described wafer process (step 4). In step 11 (oxidation), 
the surface of the wafer is oxidized. In step 12 ( CVD 
(chemical vapor deposition)), an insulating film is formed 
on the surface of the wafer. In step 13 (electrode 
formation), electrodes are formed on the surface of the 
wafer by vacuum deposition. In step 14 (ion implantation), 
ions are implanted into the wafer. In step 15 (resist 



process), a photosensitive material is coated on the wafer. 
In step 16 (exposure), the circuit pattern on the mask is 
exposed and printed on the wafer using the above-described 
X-ray projection exposure apparatus. In step 17 
(development), the exposed wafer is developed. In step 18 
(etching), portions other than the developed resist image 
are etched off. In step 19 (resist separation), the resist, 
which becomes '-unnecessary after the completion of the etch- 
ing, is removed. By repeating these steps, a final circuit 
pattern made of multiple patterns is formed on the wafer. 

The individual components shown in outline or desig- 
nated by blocks in the drawings are all well known in the X- 
ray projection exposure apparatus and device manufacturing 
method arts and their specific construction and operation 
are not critical to the operation or the best mode for car- 
rying out the invention. 

While the present invention has been described with 
respect to what are presently considered to be preferred em- 
bodiments, it is to be understood that the invention is not 
limited to the disclosed embodiments. To the contrary, the 
present invention is intended to cover various modifications 
and equivalent arrangements included within the spirit and 
scope of the appended claims. The scope of the following 
claims is to be accorded the broadest interpretation so as 
to encompass all such modifications and equivalent struc- 
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tures and functions. 
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